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Abstract: 
This study aimed to investigate the influence of water loading upon intraocular pressure 
(IOP), ocular pulse amplitude (OPA) and axial length.  Twenty one young adult subjects 
who were classified based on their spherical equivalent refraction as either myopes 
(n=11), or emmetropes (n=10) participated.  Measures of IOP, OPA and ocular 
biometrics were collected before, and then 10, 15, 25 and 30 minutes following the 
ingestion of 1000 ml of water.  Significant increases in both IOP and OPA were found to 
occur following water loading (p<0.0001), with peaks in both parameters occurring at 10 
minutes after water loading (mean ± SEM increase of 2.24 ± 0.31 mmHg in IOP and 
0.46 ± 0.06 mmHg in OPA).  Axial length was found to reduce significantly following 
water loading (p=0.0005), with the largest reduction in axial length evident 10 minutes 
after water drinking (mean decrease 12 ± 3 µm).  A significant time by refractive error 
group interaction (p=0.048) was found in axial length, indicative of a different pattern of 
change in eye length following water loading between the myopic and emmetropic 
populations.  The largest difference in axial length change was evident at 10 minutes 
after water loading with a 17 ± 5 µm reduction in axial length evident in the myopes and 
only a 6 ± 2 µm reduction in the emmetropes.  These findings illustrate significant 
changes in ocular parameters in young adult subjects following water loading.   
Keywords: Intraocular pressure; Ocular pulse amplitude; Axial length; Choroid; Eye 
biometrics; Refractive error 
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Introduction:  
A range of factors are known to lead to short term changes in eye length of human 
subjects.  Changes in accommodation have been found to be associated with transient 
increases in eye length (Drexler et al., 1998; Mallen et al., 2006).  Diurnal variations in 
axial length have also been documented (Read et al., 2008; Stone et al., 2004; Wilson 
et al., 2006) that may be modulated via changes in choroidal thickness (Brown et al., 
2009).  Variations in the intraocular pressure (IOP) have also been found to be 
associated with changes in axial length (Ebneter et al., 2009; Leydolt et al., 2008; Read 
et al., 2008).   
 
Mechanical forces from IOP have been suggested as one of the potential aetiological 
factors underlying the axial elongation of the eye associated with the development and 
progression of myopia (Greene, 1980; Pruett, 1988; Van Alphen, 1961; Young, 1977).  
Studies with experimental animals have shown that substantially increasing IOP can 
lead to axial elongation of the eye (Greene and McMahon, 1979; Ku and Greene, 1981; 
Phillips and McBrien, 2004).  Structural and biochemical scleral changes associated 
with myopia development are also thought to render myopic eyes more susceptible to 
pressure induced scleral stretching (McBrien et al., 2009; Phillips et al., 2000; Rada et 
al., 2006; Siegwert and Norton, 1999).  These findings suggest that altered scleral 
structural properties and IOP are important factors involved in axial elongation of the 
eye and myopia development (McBrien et al., 2009).   
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Whilst the potential involvement of IOP in axial elongation is supported by these animal 
studies, the exact role that IOP plays in human myopia development is unclear.  A 
number of cross sectional (Lee et al., 2004; Puell-Marin et al., 1997; Quinn et al., 1995; 
Tomlinson and Phillips, 1970) and longitudinal studies (Jensen, 1992; Manny et al., 
2008) of human myopia have presented conflicting findings upon the association 
between IOP and the presence or progression of myopia.  However, a small number of 
recent studies do indicate that short term variations in IOP are associated with changes 
in eye length in young healthy adult subjects (Leydolt et al., 2008; Read et al., 2008).   
 
There are a range of different ways that short term alterations in IOP can be induced, 
including: mechanical (Leydolt et al., 2008), pharmacological (Ebneter et al., 2009), and 
surgical methods (Cashwell et al., 1999), as well as changes in posture (Krieglstein and 
Langham, 1975) or exercise (Bakke et al., 2009).  One other method for inducing short 
term IOP changes is water drinking.  Drinking a substantial quantity of water (typically 
~1000ml in a short period of time), has been shown to lead to significant elevations in 
IOP in both normal and glaucomatous individuals, with peak IOP levels typically 
reached after 15-30 minutes of water drinking in young healthy individuals (Armaly, 
1970; Brucculeri et al., 1999; Danesh-Meyer et al., 2008) .   
 
We aimed to further study the relationship between IOP and axial length, by 
investigating the influence of water loading upon IOP and a range of ocular biometrics 
(including axial length), in a population of young adult myopes and emmetropes. 
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Materials and methods: 
Twenty one young adult subjects (mean age 25 ± 4 years, range 19-33 years), all in 
good general health, participated in this study.  Twelve of the subjects were female.  
The majority of the subjects were of Caucasian ethnicity (n=14), with the remainder 
being of either Indian (n=4) or East Asian (n=3) ethnic background.  Subjects were 
recruited primarily from the students and staff of our university.  No subject reported any 
history of ocular disease (including glaucoma or ocular hypertension), surgery or 
significant injury.  Additionally, no subject reported a family history of glaucoma (defined 
here as a close relative being under treatment for glaucoma).  Approval from the 
university human research ethics committee was obtained prior to commencement of 
the study.  All subjects gave written informed consent to participate and were treated in 
accordance with the Declaration of Helsinki. 
 
Prior to participation, each subject underwent an eye examination in order to determine 
their refractive status and ensure good ocular health.  Subjects were classified as either 
myopic (best sphere refraction >-1.00 DS, n=11) or emmetropic (best sphere refraction -
0.25 to +0.63DS n=10), depending on the subjective spherical equivalent refraction of 
their right eye.  The mean best sphere refraction of the myopes was -3.20 ± 1.95 DS 
and of the emmetropes was +0.05 ± 0.26 DS.  No subject exhibited cylindrical refraction 
of >1.00 DC or anisometropia of >1.00 DS.  All subjects exhibited normal best corrected 
visual acuity of logMAR 0.00 or better.  Slit lamp examination and fundus microscopy 
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confirmed all subjects exhibited healthy eyes.  Seven of the 11 myopic subjects and 5 of 
the 10 emmetropic subjects were female. 
 
After the initial screening and classification of subjects, the following protocol was 
performed to investigate the influence of water drinking upon axial length and IOP.  
Axial length was measured with the Lenstar LS 900 Optical biometer (Haag Streit AG, 
Koeniz, Switzerland).  The Lenstar LS 900, is a recently introduced non-contact optical 
biometer based upon the principle of optical low coherence reflectometry, that has been 
found to provide highly precise ocular biometric measures comparable with those from 
previously validated instruments (Buckhurst et al., 2009; Cruysberg et al., 2009; Holzer 
et al., 2009; Rohrer et al., 2009).  The instrument assesses a range of ocular biometric 
parameters in a single measurement including: central corneal thickness (CCT), anterior 
chamber depth (ACD), lens thickness (LT), and axial length (AxL) (Figure 1).  Axial 
length was defined in this study as the distance from the anterior cornea to the retinal 
pigment epithelium.  Previous authors (Brown et al., 2009) using a similar biometry 
device have noted that in the portion of the A-scan from the posterior eye, there are 
small peaks present both anterior (P1, thought to originate from the inner limiting 
membrane) and posterior (P4, thought to originate from the sclera/choroid interface) to 
the reproducible peak from the RPE (P3).  We have found that consistent P1 peaks are 
present in the Lenstar A-scan data for the majority of subjects, and in some subjects a 
consistent P4 peak is also present which allows estimates of retinal thickness (RT) and 
choroidal thickness (ChT) to be made using the manual analysis function of the Lenstar 
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software (Figure 1).  A total of 5 ocular biometric measures were collected from each 
subject at each of the measurement sessions.   
 
Figure 1 here. 
 
All IOP measures were performed with the Pascal Dynamic Contour Tonometer (DCT- 
Ziemer Ophthalmic Systems, Port, Switzerland), an electronic contact tonometer, based 
upon the principle of contour matching (Kanngiesser et al., 2005).  This instrument has 
been found to provide reliable measures of IOP that correlate closely with measures 
from the Goldmann Applanation tonometer (Kaufman et al., 2004).  In addition to the 
mean IOP from each measurement, the DCT also provides measures of the ocular 
pulse amplitude (OPA), which represents the magnitude of change in IOP with the 
ocular pulse (i.e. the difference between the diastolic and systolic IOP).  Three valid 
measures with the DCT (i.e. those exhibiting a quality score of 1 or 2) were collected for 
each subject at each measurement session, following the instillation of a drop of local 
anesthetic (0.4 % oxybuprocaine hydrochloride). 
 
To reduce the potential confounding influence of diurnal variations in IOP and axial 
length (Read et al., 2008), all measurements were carried out between 1pm and 4pm.  
For all subjects, a period of fasting (with no ingestion of food or liquid) was observed for 
2 hours prior to the experiment (Danesh-Meyer et al., 2008).  Baseline measurements 
of axial length and IOP were then carried out.  To reduce the influence of prior 
accommodative visual tasks upon our results (Mallen et al., 2006; Read et al., 2009), a 
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period of seven minutes of a distance viewing task (i.e. watching TV at a distance of 6 
metres) was undertaken by the subjects immediately prior to the baseline measures.  
Following these baseline measures, all subjects then drank 1000ml of water in a 5 
minute period.  Measurements of axial length and IOP were then repeated at 10 
minutes, 15 minutes, 25 minutes and 30 minutes after water ingestion. In between 
measurement sessions, subjects maintained distance fixation (watching TV).  Axial 
length and IOP were always measured in the same order, with IOP measured first.  In 
addition to the axial length and IOP measures, systemic blood pressure was also 
measured using an Omron IA2 automated blood pressure monitor (Omron, Japan), at 
baseline, and at 15 minutes and 30 minutes after water ingestion. To examine the 
potential influence of body mass upon our results, we also calculated each subject’s 
body mass index (weight in kilograms divided by height in metres squared).   
 
For each subject the mean CCT, ACD, LT and AxL was calculated for each of the 
measurement sessions.  Seventeen of the 21 subjects exhibited consistent peaks from 
their posterior lens surface that allowed lens thickness to be assessed in all 
measurements.   The manual analysis of the A-scan data to derive RT and ChT was 
performed by an observer who was masked as to the experimental protocol.  Reliable 
RT measures were observed for all but one of the 21 subjects, however only 12 of the 
21 subjects exhibited consistent P4 peaks that allowed measures of ChT to be made.  A 
repeated measures ANOVA with one within subjects factor (time of measurement) and 
one between subjects factor (refractive error group) was carried out to investigate the 
change occurring in each of the measured parameters following water loading, and to 
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examine any differences between the myopes and emmetropes.  Similar analyses were 
carried out for the IOP, OPA and blood pressure data.   
 
To provide an indication of the measurement precision of each of the considered ocular 
variables, following data collection we calculated the average within-subject standard 
deviation (from each of the measurement sessions) for each of the variables (derived 
from all measurement sessions for all subjects).  The average within-subject standard 
deviation was found to be 0.6 mmHg for IOP, 0.2 mmHg for OPA, 2.0 µm for CCT, 14.2 
µm for ACD, 22.3 µm for LT, 10.2 µm for AxL, 13.9 µm for ChT and 6.6 µm for RT.    
 
 Results:   
In our population of young healthy adult subjects, water drinking was found to lead to 
significant changes in IOP, OPA and axial length.  The changes in IOP and OPA from 
baseline following water drinking are illustrated in Figure 2.  Repeated measures 
ANOVA revealed a highly significant effect of time on IOP (p<0.0001), indicating a 
significant increase in IOP following water loading.   At baseline, the mean ± SEM IOP 
was 15.65 ± 0.44 mmHg.  On average the highest IOP was found to occur at 10 
minutes after water drinking (mean ± SEM increase of 2.24 ± 0.31 mmHg), with mean 
increases of  1.67 ± 0.23, 1.59 ± 0.29, and 0.93 ± 0.22 mmHg found at 15, 25 and 30 
minutes respectively after water drinking (Figure 2a).  Pairwise comparisons revealed 
the changes in IOP were significantly different to baseline at all measurements following 
water drinking (p<0.05).  No significant between subjects effect of refraction, or time by 
10 
 
refraction interaction was found (p>0.05), indicating the myopic and emmetropic 
subjects had no significant difference in their mean IOP or in their change in IOP 
following water drinking.   
 
OPA exhibited similar changes, with a highly significant increase in OPA found following 
water drinking (p<0.0001).  The mean OPA at baseline was 2.28 ± 0.19 mmHg, with the 
peak in OPA observed on average 10 minutes after water drinking (mean increase 0.46 
± 0.06 mmHg).  Mean increases of 0.40 ± 0.06, 0.28 ± 0.09 and 0.27 ± 0.08 mmHg 
were found at 15, 25 and 30 minutes respectively after water drinking (Figure 2 b).  
Pairwise comparisons revealed the change in OPA at 10, 15 and 25 minutes after water 
drinking were significantly different from baseline (p<0.05), but by 30 minutes the 
change was not significantly different to baseline (p>0.05).  A significant between 
subject effect of refraction was found (p=0.006), indicating the myopic subjects exhibited 
a lower mean OPA (mean baseline OPA was 1.83 ± 0.23 for the myopes and 2.78 ± 
0.23 for the emmetropes).  However no significant time by refraction interaction was 
found (p>0.05), indicating a similar pattern of change in OPA following water drinking in 
the myopes and emmetropes.  
 
 Figure 2 here 
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We also considered the changes in IOP and OPA in terms of their percentage change 
from baseline following water drinking.  On average IOP was found to increase by 14.21 
± 1.88 % at 10 minutes after water drinking (mean myopic increase 14.47 ± 2.43%, 
mean emmetropic increase 13.93 ± 3.05%).  The average percentage increase in OPA 
at 10 minutes after water drinking was 24.37 ± 5.56% (mean myopic increase 28.62 ± 
10.16%, mean emmetropic increase 19.70 ± 3.64%).  This indicates that whilst the 
magnitude of increase in OPA was smaller than the change in IOP, proportionally the 
increase in OPA was larger than the change in IOP.   
 
The mean change in each of the measured ocular biometric variables is presented in 
Table 1.  Axial length was found to exhibit a small but statistically significant change 
following water drinking.  Repeated measures ANOVA revealed a highly significant 
within-subjects effect of time (p=0.0005), indicative of a significant reduction in axial 
length following water drinking.  Figure 3 illustrates the mean changes in axial length  
following water drinking.  At baseline, the mean axial length was 24.33 ± 0.16 mm.  The 
largest reduction in axial length was observed at 10 minutes after water drinking (mean 
change -12 ± 3 µm).  Pairwise comparisons revealed the decrease in axial length to be 
significantly different to baseline at all measurement times following water drinking.   
 
Figure 3 here 
 
12 
 
As expected, a significant between subjects effect of refraction was observed for axial 
length with the myopic subjects having a significantly longer axial length (mean baseline 
axial length of 24.87 ± 0.15 mm for the myopes and 23.74 ± 0.14 mm for the 
emmetropes).  A significant time by refraction interaction was also observed (p=0.048), 
indicative of a different pattern of change in axial length following water drinking 
between the myopes and emmetropes.  Figure 3 illustrates the change in axial length 
following water drinking in the myopes and emmetropes.  It is evident that the myopes 
exhibit a larger decrease in axial length, 10 minutes after water drinking.  At this 10 
minute measurement, the mean decrease in axial length in the myopes (-17 ± 5 µm, 
p=0.002) was significantly different to baseline, but the mean change in axial length in 
the emmetropes at the same time (-6 ± 2 µm, p>0.05) was not significantly different to 
baseline (p>0.05).   
 
We also considered the relationship between the change in axial length and the change 
in OPA and IOP at the 10 minute post water drinking measurement (i.e. the time when 
axial length and OPA and IOP typically exhibited their largest changes).  Pearson’s 
correlation analysis revealed a significant correlation between the percentage change in 
axial length and the percentage change in OPA, indicative of greater percentage 
increases in OPA being associated with greater reductions in axial length (r = -0.795, p 
<0.0001).  Examination of the data from individual subjects revealed one subject 
exhibited a substantially larger change in axial length, and OPA than the other subjects.  
If this outlier subject is removed from the analysis the association between the 
percentage change in OPA and the change in axial length is no longer significant (r= -
13 
 
0.097, p=0.685).  It should also be noted that this subject exhibiting a larger change in 
eye length following water drinking was myopic, however even if we exclude this subject 
from the analysis of axial length, a significant time by refraction effect is still found in the 
repeated measures ANOVA examining the changes in axial length after water drinking 
(p=0.012).  There was no significant association between the percentage change in 
axial length and the percentage change in IOP (r=-0.262, p=0.25). 
 
Table 1 also presents the mean changes in retinal and choroidal thickness, (derived 
from manual analysis of the A-scan data) following water drinking.  Neither parameter 
demonstrated a significant between-subjects effect of refraction or time by refraction 
interaction.  The mean retinal thickness at baseline was 199.5 ± 4.2 µm.  A small, but 
statistically significant increase in retinal thickness was observed following water 
drinking (p = 0.01).  The largest change in retinal thickness (mean increase 4 ± 1 µm) 
was observed 10 minutes after water drinking.  At baseline, the mean choroidal 
thickness was 273 ± 12 µm.  A small increase in choroidal thickness was observed at 
the 10 and 15 minute measurements following water drinking, however the changes in 
choroidal thickness did not reach statistical significance (p > 0.05).   
 
The changes in anterior eye biometrics after water drinking are also displayed in Table 
1.  None of these variables exhibited significant differences between the refractive error  
groups.  Central corneal thickness (CCT) was the only variable to show a significant 
change after water drinking.  The mean CCT at baseline was 530.9 ± 6.3 µm, which 
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showed a small but significant reduction following water drinking.  The mean decrease 
in CCT was less than 2 µm at all measurements following water drinking, and pair wise 
comparisons revealed that only the change in CCT measured at 15 minutes after water 
drinking (mean decrease of -1.9 ± 0.5 µm) was significantly different to baseline 
(p=0.007).  Anterior chamber depth exhibited a small increase on average, and lens 
thickness a small decrease from their baseline levels (mean baseline ACD 3.18 ± 0.08, 
mean baseline LT 3.52 ± 0.05 ) following water drinking, however the changes in both of 
these variables were not statistically significant (p >0.05).   
 
No significant changes were found in blood pressure following water drinking (p>0.05).  
The mean ± SD systolic/diastolic blood pressure at baseline was 125.0 ± 2.4 / 71.1 ± 
1.7 mmHg, and at 15 minutes after water drinking was 124.7 ± 2.4/ 73.2 ± 2.1 mmHg 
and at 30 minutes after water drinking was 124.7 ± 2.7 / 73.4 ± 2.1 mmHg.  The 
average body mass index (BMI) was 23.7 ± 3.4 kg/m2 for the myopic subjects and 23.5 ± 3.0 
kg/m2 for the emmetropic subjects.  Independent sample t-test revealed the BMI of the 
two populations were not significantly different (p=0.9).  BMI was not found to be 
significantly correlated with the change in IOP, OPA or axial length (p>0.05). 
 
Discussion: 
We have demonstrated that significant changes occur in IOP, OPA and axial length 
following water drinking in young healthy adult subjects.  IOP and OPA both exhibit 
significant increases, and axial length exhibits a significant decrease.  To our 
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knowledge, this is the first study to report a significant change in eye length as a result 
of water loading.  Whilst the changes in axial length that we have observed are small 
(average change ~12µm) and unlikely to be of clinical significance, these findings 
highlight the fact that hydration levels can significantly influence ocular dimensions.  It 
has previously been shown that axial length undergoes a significant diurnal variation 
(Read et al., 2008; Stone et al., 2004; Wilson et al., 2006).  Changes in hydration across 
the day could potentially contribute to a portion of these previously observed diurnal 
variations. 
 
The changes we have observed in axial length following water loading could potentially 
be due to changes in choroidal thickness.  The determination of choroidal thickness 
through manual analysis of the A-scan plots of the Lenstar LS 900 instrument was less 
precise than the instrument’s axial length measures (average within subject standard 
deviation for determining choroidal thickness was 13.9 µm and for axial length was 10.2 
µm), and reliable choroidal thickness data was also not available from all subjects.  
These factors may have contributed to the observed changes in choroidal thickness not 
reaching statistical significance.  Given the high blood flow (Alm and Bill, 1973) and 
vascular permeability of the choroid (Bill et al., 1980), it is plausible that systemic water 
loading could lead to an increase in its volume.  Whilst changes in choroidal thickness 
associated with water loading are a potential explanation for our observed changes in 
axial length, this needs to be confirmed utilising a measurement technique such as 
optical coherence tomography (Margolis and Spade, 2009) that can more reliably image 
and determine the thickness of the choroid.  
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The changes observed in eye length following water drinking were different between our 
myopic and emmetropic populations.  The exact reason underlying these differences is 
not clear, however, it may reflect differences in choroidal anatomy and/or physiology or 
differences in scleral structural and/or mechanical properties associated with refractive 
error.  Previous studies with experimental animals have illustrated that the choroid plays 
an important role in modulating ocular refractive status (Hung et al., 2000; Wallmann et 
al., 1995) and may be an important factor in the etiology of refractive error (Nickla and 
Wallmann, 2010).  If there are differences between myopes and emmetropes in terms of 
choroidal anatomy or physiology (e.g. the regulation of choroidal volume/blood flow, or 
the expandability of the choroid), then this may have significant implications for human 
refractive error development.  However, we cannot rule out the possibility that other 
physiological factors may have contributed to the observed differences.  The fact that 
the IOP changes were similar between the two refractive error groups suggests that a 
local ocular difference (such as a difference in choroidal physiology) may be the reason 
underlying the differences in eye length change following water drinking, as opposed to 
a more general systemic difference in the physiological effect of water loading between 
myopes and emmetropes.  
  
A significant change was also found in retinal thickness following water drinking.  The 
changes in retinal thickness were relatively small (~1-2% change from baseline), and 
are therefore unlikely to be clinically significant.  The exact cause of the changes 
observed in retinal thickness are unclear, however, it is possible that an increase in 
choroidal volume following systemic water loading may alter the normal retinal fluid 
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dynamics.  Under normal conditions, there is a constant movement of fluid from the 
retina to the choroid modulated by the retinal pigment epithelium (Strauss, 2005), and it 
has also been demonstrated that fluid movement from the retina may be influenced by 
changes in plasma osmolality (Tsuboi and Pederson, 1988).  An increase in choroidal 
fluid following water loading might lead to an alteration in the normal rate of fluid 
movement from the retina to the choroid and lead to the small increase in retinal 
thickness observed.  This is consistent with the findings of Liang et al. (2004) who 
reported a significant increase in retinal thickness accompanies the increased choroidal 
thickness in chicks recovering from form deprivation myopia. 
 
The changes that we have observed in IOP following water drinking in our population of 
subjects are comparable with previous studies.  Previous investigators have found 
similar average changes in IOP, in the range of ~1-2 mmHg in young healthy adult 
individuals following water loading (Armaly, 1970; Armaly and Sayegh, 1970; Brucculeri 
et al., 1999).  To our knowledge, this is the first study to report changes in OPA 
following water loading in young healthy subjects.  Recently Demoraes et al. (2009), 
also found an increase in OPA (measured with the dynamic contour tonometer), 
following water drinking in a population of patients with glaucoma.  The magnitude of 
change reported for the glaucoma patients was larger (~0.8 mmHg) than our finding 
(0.40 ± 0.06 mmHg).   
 
18 
 
Previous studies investigating the influence of short term IOP elevation on ocular 
biometrics have found a significant increase in eye length to accompany the rise in IOP, 
consistent with a mechanical expansion of the globe in response to IOP (Leydolt et al., 
2009).  In `contrast to these findings, we found water loading to be associated with a 
rise in IOP and a decrease in eye length.  Leydolt et al. (2009) used a suction cup to 
induce a rise in IOP of 10 and 20 mmHg in magnitude which led to increases in eye 
length of 23 and 39 µm.  The magnitude of increase in IOP that we observed following 
water loading (~2 mmHg) may therefore not have been sufficient to lead to any pressure 
induced expansion of the globe. Instead, as the rise in IOP due to water drinking might 
at least in part to be due to an increase in choroidal volume (DeMoraes et al., 2009), 
water loading is associated with a small rise in IOP and a decrease in eye length. 
 
In conclusion we have confirmed that IOP and OPA both increase significantly after 
water drinking in young healthy adult subjects.  We have also illustrated for the first time 
that a reduction in eye length is also occurs following water loading.  Differences were 
noted in the pattern of change in eye length following water drinking between myopes 
and emmetropes. 
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Figures: 
 
 
Figure 1: Example of a typical A-scan from a single measurement from the Lenstar LS 900 
instrument.  The range of ocular biometric measures automatically derived by the instrument are 
central corneal thickness (CCT), anterior chamber depth (ACD), lens thickness (LT) and axial 
length (AxL).  Inset illustrates a magnified view of the portion of the A-Scan originating from the 
posterior eye, with three prominent peaks typically observed being P1 (originates from retinal 
inner limiting membrane), P3 (originates from the retinal pigment epithelium), and P4 (presumed 
to originate from the sclera/choroid interface).  Manual analysis of the A scan using the 
Lenstar’s software therefore allows determination of retinal thickness (RT) (distance from P1-
P3), and Choroidal thickness (CT) (distance from P3-P4). 
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Figure 2:  Mean change in A. IOP (top) and B. OPA (bottom) following water drinking in our 
population of young healthy adult subjects (n=21).  Repeated measures ANOVA revealed the 
change in IOP and OPA following water drinking was highly statistically significant (p<0.0001).  
“*” indicates a significant change from baseline (p<0.05).  Error bars represent standard error of 
the mean. 
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Figure 3:  Mean change in axial length (AxL) following water drinking in all subjects considered 
together and in the myopic and emmetropic subjects considered separately.   “*” indicates a 
significant change from baseline (p<0.05).  Error bars represent standard error of the mean. 
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Tables: 
Table 1: Mean change in ocular biometric measures following water drinking.   
Axial length, retinal thickness and corneal thickness all exhibited a significant change following 
water drinking (p<0.001).  Only axial length exhibited a significant time*refraction interaction 
(p=0.048).  
 
Mean ± SEM change after water drinking 
10 Minutes 15 Minutes 25 Minutes 30 Minutes 
Axial Length (µm) (n=21) -12 ± 3 -11 ± 2 -7 ± 2 -6 ± 2 
Retinal thickness (µm) (n=20) 4  ± 1 3 ± 1 2 ± 1 3 ± 1 
Choroidal thickness (µm) (n=12) 5 ± 2 4 ± 3 0 ± 3 -2 ± 4 
CCT (µm) (n=21) -1.0 ± 0.4 -1.9 ± 0.5 -1.5 ± 0.6 -1.7 ± 0.7 
ACD (µm) (n=21) -6 ± 5 8 ± 6 7 ± 4 6 ± 5 
LT (µm) (n=17) -1 ± 6 -8 ± 7 -11 ± 5 -7 ± 6 
 
 
 
 
 
 
 
 
 
